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Abstract 

Background: Although many studies have reported an association between self-reported physical activity and 
metabolic syndrome (MetS), there is limited information on the optimal level of physical activity required to 
prevent MetS. This study aimed to determine the association between objectively measured physical activity and 
MetS in middle-aged Japanese individuals. We also determined the optimal cutoff value for physical activity 
required to decrease the risk of developing MetS. 

Methods: A total of 179 men and 304 women, aged between 30 and 64 years, participated in this study. 
Participants were divided into two groups using the Japanese criteria for MetS as those with MetS or pre-MetS, 
and those without MetS. Participants were considered to be physically active if they achieved a physical activity 
level of 23 metabolic equivalents (METs) h/week, measured using a triaxial accelerometer. The association between 
physical activity and MetS was analyzed using logistic regression with the following covariates: sex, age, sedentary 
time, low intensity activity, calorie intake, smoking, menopause and body mass index. We also evaluated the factors 
that determined the association between the prevalence of MetS and pre-MetS and the physical activity cutoff 
value using classification and regression tree (CART) analysis. 

Results: The odds ratio for MetS and pre-MetS was 2.20 for physically inactive participants (< 23 METs h/week), 
compared with physically active participants (> 23 METs h/week). The corresponding odds ratios for men and 
women were 2.27 (P < 0.01) and 1.95 (not significant), respectively. CART analyses revealed that moderate-vigorous 
physical activity of > 26.5 METs h/week was sufficient to decrease the prevalence of MetS and pre-MetS in middle- 
aged Japanese men and women. 

Conclusions: The results of this cross-sectional study indicate that the Exercise and Physical Activity Reference for 
Health Promotion 2006 is inversely associated with the prevalence of MetS in men. Our results also suggest that 
moderate physical activity of > 26.5 METs h/week may decrease the risk of developing MetS and pre-MetS in 
middle-aged Japanese individuals. 



Background 

Metabolic syndrome (MetS) is defined as a cluster of 
risk factors that predispose individuals to atherosclerotic 
cardiovascular disease [1] and type 2 diabetes [2,3]. Indi- 
viduals with MetS have higher cardiovascular disease 
mortality rates than do individuals without this syn- 
drome [4,5]. Therefore, developing effective and 
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affordable strategies to combat MetS will be of great 
individual and societal importance. 

Current epidemiological studies indicate that moder- 
ate-vigorous physical activity (MVPA) is associated with 
decreased risk of developing MetS, independent of aero- 
bic fitness and obesity [6-11]. Other studies have also 
shown that daily physical activity prevents the onset of 
chronic diseases such as type 2 diabetes and MetS 
[12,13]. The Exercise and Physical Activity Reference for 
Health Promotion report 2006 (EPAR2006) compiles the 
current guidelines for health promotion and gives 
recommendations for physical activity and exercise for 
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Japan [14,15]. These guidelines focus on daily physical 
activity exceeding 3 metabolic equivalents (METs), 
which includes both lifestyle physical activity and exer- 
cise, unlike the former exercise guidelines [15]. Accord- 
ing to EPAR2006, every adult should accumulate 23 
METs h/week of physical activity to prevent the onset 
of lifestyle-related diseases [14]. 

The guidelines for physical activity specified in 
EPAR2006 were established on the basis of a systematic 
review of studies performed mostly in Western coun- 
tries, and included very few studies measuring physical 
activity in Japanese individuals. The Japanese population 
differs from the European and American populations in 
terms of genetic background and social environment. 
Furthermore, the guidelines were largely established 
using data obtained from a self-reported questionnaire 
survey. Such analyses are prone to recall error and over- 
reporting, and are limited by their specific focus on 
MVP A [16,17]. Furthermore, it is difficult to accurately 
evaluate activities of daily life using a questionnaire [18]. 
Objective assessment of physical activity using acceler- 
ometers can overcome these limitations. This is sup- 
ported by the results of a recent study that 
demonstrated a good construct validity for acceler- 
ometers compared with self-reported energy expenditure 
from physical activity [19]. 

Although many studies have reported an association 
between self-reported physical activity and MetS, there 
is limited information on the optimal level of physical 
activity required to prevent MetS and its associated car- 
diovascular abnormalities. Moreover, EPAR2006's physi- 
cal activity parameters have not yet been correlated with 
MetS. Therefore, the objective of this study was to 
establish a physical activity reference relative to MetS in 
middle-aged Japanese men and women using an objec- 
tive measurement of physical activity. We also deter- 
mined the optimal cutoff value for physical activity 
required to decrease the risk for MetS. 

Methods 

Participants 

The participants in this cross-sectional study were 521 
healthy middle-aged Japanese volunteers without dia- 
betes, cardiovascular disease, and musculoskeletal dis- 
eases recruited from local community newspapers in 
Tsukuba, Ibaraki. We excluded individuals who were 
missing data on physical activity (n = 11), MetS compo- 
nents (n = 18) or dietary intake (n = 9). After excluding 
these individuals, a total of 179 men and 304 women 
were included in this analysis [age, 30-64 years; body 
mass index (BMI), 17.2-45.5 kg/m 2 ]. This study was 
approved by the Ethical Committee of the Institute of 
Health and Sport Sciences and the Institute of Clinical 
Medicine at the University of Tsukuba. Written 



informed consent was obtained from all participants. 
Participant characteristics (n = 483) are presented in 
Table 1. 

Anthropometric and body composition measurements 

Body weight was measured to the nearest 0.1 kg using 
a digital scale (TBF-551; Omron Healthcare Co., Ltd., 
Kyoto, Japan), and height to the nearest 0.1 cm using a 
wall-mounted stadiometer. BMI was calculated as body 
weight/height 2 (kg/m 2 ). Waist circumference (WC) was 
measured three times to the nearest 0.1 cm at the mid- 
point between the lower costal margin and the iliac 
crest using a calibrated measuring tape. Body fat per- 
centage (% body fat) and muscle mass percentage (% 
muscle mass) were calculated from the impedance 
value (HBF-352, Omron Healthcare Co., Ltd., Kyoto, 
Japan) [20]. 

Measurement of physical activity and sedentary time 

A triaxial accelerometer (HJA-350IT, Active style Pro, 
Omron Healthcare Co., Ltd.) was used to measure physi- 
cal activity and sedentary time [21]. To ensure a valid 
reflection of long-term day-to-day activities, the acceler- 
ometer was required to be worn by participants for 7 
days while the subjects were continuing their regular 
daily activities [22]. The participants were instructed to 
wear the accelerometer on an elastic waist band on the 
right hip throughout the day from the time they woke up 
in the morning until they went to bed at night, except 
during showers and bathing. Participants who did not 
record 10 hours/day of activity for 7 days were excluded 
from further analyses [22]. The mean wear time was 11.8 
± 1.6 hours/day. Accelerometer data were calculated as 
the monitoring time spent in each of three different 
intensity levels for 1 week, using software provided by 
the manufacturer (HMS-HJA-IC01J; Omron Healthcare 
Co., Ltd.) as follows: sedentary (1.1-1.4 METs), low (1.5- 
2.9 METs), and moderate-to-vigorous (> 3 METs). To 
compare the impact of different levels of MVPA on the 
risk of MetS, we defined two categories of MVPA based 
on the physical activity reference recommended in the 
EPAR2006: < 23 METs h/week and > 23 METs h/week. 

Blood pressure and biochemical blood assay 

Blood pressure was measured twice using an electronic 
digital blood pressure monitor (SM-100; Omron Health- 
care Co., Ltd.) with subjects in a seated position after a 
10-min rest period. If the two readings differed by more 
than 5 mmHg, a third reading was taken and the lowest 
was used. Approximately 10 mL of blood was drawn 
from each subject after an overnight fast. Fresh samples 
were used for enzymatic analysis of triglyceride levels, 
while fasting plasma glucose levels were assayed using 
the glucose oxidase method. Serum high-density 
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Table 1 Descriptive characteristics of study participants 




Men (n = 179) 


Women (n = 304) 


P value 


Age (years) 


46.6 (0.6) 


48.6 (0.5) 


0.015 


Height (cm) 


170 (0.5) 


157.7 (0.3) 


< 0.001 


Body weight (kg) 


73.9 (0.9) 


63.7 (0.6) 


< 0.001 


BMI (kg/m 2 ) 


25.6 (0.3) 


25.6 (0.2) 


0.896 


% muscle mass (%) 


30.4 (0.2) 


23.7 (0.3) 


< 0.001 


% fat mass (%) 


25.1 (0.4) 


34.0 (0.4) 


< 0.001 


Physical activity parameter* 








Sedentary time (h/week) 


37.2 (0.9) 


29.5 (0.7) 


< 0.001 


Low intensity activity (METs h/week) 


77.1 (1.8) 


96.4 (1.3) 


< 0.001 


MVPA (METs h/week) 


24.5 (0.8) 


25.7 (0.6) 


0.252 


Metabolic syndrome components 








Abdominal obesity (%) 


66.7 


43.9 


< 0.001 


Hyperglycemia (%) 


29.8 


18.8 


0.005 


Hypertension (%) 


54.2 


47.7 


0.168 


Dyslipidemia (%) 


33.5 


14.5 


< 0.001 


Number of MetS components (n) 


1.9 (0.1) 


1.3 (0.1) 


< 0.001 


Metabolic syndrome 






< 0.001 


Pre-MetS (%) 


18.4 


17.8 




MetS (%) 


34.6 


16.4 




MetS/pre-MetS (%) 


53.1 


34.2 




Daily nutritional intake^ 








Calorie intake (kcal/day) 


2126.1 (24) 


1899.1 (15.6) 


< 0.001 


Carbohydrate intake (g/day) 


253.0 (7) 


238.6 (4.8) 


0.081 


Protein intake (g/day) 


76.9 (1.9) 


68.6 (1.6) 


0.010 


Fat intake (g/day) 


60.0 (1.8) 


55.5 (1.5) 


0.058 


Smoker (%) 


22.3 


5.3 


< 0.001 


Postmenopausal (%) 




52.6 




Values are means (SE) or percentage. ^Adjusted for age, + adjusted for body weight. BMI, body mass index; METs, metabolic equivalents; MVPA, moderate- 
vigorous physical activity; MetS, metabolic syndrome; SE, standard error. Abdominal obesity: waist circumference > 85 cm for men and > 90 cm for women; 
hyperglycemia: blood glucose > 110 mg/dL; hypertension: systolic blood pressure > 130 mmHg and/or diastolic blood pressure > 85 mmHg, or treatment for 
previously diagnosed hypertension; dyslipidemia: triglyceride > 150 mg/dL and/or high-density lipoprotein cholesterol level < 40 mg/dL, or specific treatment for 



these lipid abnormalities. 



lipoprotein cholesterol (HDL-C) was measured using 
heparin-manganese precipitation. 

Components of MetS 

The Japanese criteria for MetS were used to evaluate the 
prevalence of MetS and pre-MetS in this study [23,24]. 
Based on these criteria, to diagnose MetS, the subject 
must present with abdominal obesity, which is a manda- 
tory criterion because it is a strong predictor of cardio- 
vascular risk factors, in addition to two or more of the 
other components. For the diagnosis of pre-MetS, the 
subject must have abdominal obesity and one of the 
other components, including (1) WC > 85 cm for men 
and > 90 cm for women, which is considered an essen- 
tial component; (2) dyslipidemia (triglyceride > 150 mg 
per dL and/or HDL-C level < 40 mg per dL, or specific 
treatment for these lipid abnormalities); (3) hypertension 
(systolic blood pressure > 130 mmHg and/or diastolic 
blood pressure > 85 mmHg, or treatment of previously 



diagnosed hypertension); or (4) hyperglycemia (fasting 
plasma glucose > 110 mg/dL). In this study, we analyzed 
physical activity for MetS subjects and pre-MetS sub- 
jects in a single group (MetS/pre-MetS). 

Covariates 

A nutritionist assessed the daily nutritional intake of each 
subject, including carbohydrate, fat and protein, as well as 
the total calorie intake per day, by evaluating the patients' 
3-day weight and dietary records. The food data of the 
dietary records were converted to energy and nutrient 
data by the dietician and analyzed using Excel Eiyo-kun 
software (Ver. 4.0; Kenpaku Co., Ltd., Tokyo, Japan). Parti- 
cipants also completed a general health questionnaire, 
which recorded smoking and menopausal status. 

Statistical analysis 

Differences in physical characteristics between subjects 
with MetS/pre-MetS and subjects without MetS were 
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tested using unpaired £-tests. Physical activity para- 
meters and nutrient intake were analyzed in both groups 
using analysis of covariance (ANCOVA) with age or 
body weight as covariates, respectively. 

Logistic regression analysis was used to predict MetS 
from the levels of physical activity based on the 
EPAR2006 reference (> 23 METs h/week or < 23 METs 
h/week); this was done separately for men and women. 
In all logistic regression models, age, level of low inten- 
sity activity, sedentary time, smoking, calorie intake and 
BMI were included as covariates. The total cohort 
model was also adjusted for sex. The women's model 
was adjusted for menopause. Multicollinearity between 
sedentary time, level of low intensity activity and MVPA 
was tested but was not significant. 

Classification and regression tree analysis (CART) 
[25,26] was used to establish the cutoff value for required 
physical activity and the best predictor for the prevalence 
of MetS. CART analysis is constructed by repeatedly 
splitting subsets of the data using all explanatory vari- 
ables to create two subgroups. Explanatory variables with 
the best improvement are selected to split the data based 
on the improvement score, and are evaluated to identify 
the optimal cutoff point (continuous variable) or groups 
(nominal variables). We calculated P values at each 
branch using % 2 tests. Values are expressed as means ± 
standard error (SE) or as percentages. Values of P < 0.05 
were considered statistically significant. All data were 
analyzed using SPSS version 17 or R version 2.10.1 [27]. 

Results 

This study included 483 Japanese individuals (men 
37.1%, women 62.9%) aged between 30 and 64 years 
(Table 1). Overall, 53.1% of men and 34.2% of women 
had MetS or pre-MetS (Table 1). The prevalence of 
abdominal obesity, hyperglycemia, dyslipidemia, and 
MetS values was significantly higher in men than in 
women (Table 1). MVPA was not significantly different 
between men and women (P = 0.252). 

Table 2 shows the characteristics of participants with 
MetS/pre-MetS and of participants without MetS, by 
sex. In both men and women, we found significant dif- 
ferences in body weight and BMI between individuals 
with MetS/pre-MetS and those without MetS (Table 2). 
As described in a previous study, we assessed possible 
covariates that were likely to influence the prevalence of 
MetS. Because there seems to be a strong age-depen- 
dence in the prevalence of MetS [28], we included age 
as a covariate to adjust the physical activity parameters. 
With the inclusion of age in the model, we found a sig- 
nificant difference in MVPA in both men and women 
(Table 2). Notably, age, sedentary time and low intensity 
physical activity were significantly associated with MetS/ 



pre-MetS, but only in women. In contrast, daily nutri- 
tion intake adjusted by body weight, including total 
energy intake, and total carbohydrate, fat and protein 
intake, was not different between MetS/pre-MetS and 
non-MetS in both men and women (Table 2). 

Results of logistic regression analyses comparing the 
prevalence of MetS/pre-MetS across physical activity 
categories by sex are shown in Table 3. In all analyses, 
the physically active group that met the physical activity 
reference standard (> 23 METs h/week) was used as the 
reference group. After adjusting for sex, age, low intensity 
activity, sedentary time, smoking, calorie intake and BMI, 
the risk of MetS/pre-MetS in the physically inactive 
group was significantly increased compared with that in 
the physically active group [Table 3: odds ratio (OR), 
2.20; 95% CI, 1.7-3.83]. The risk for MetS among physi- 
cally inactive men was significantly higher than that for 
physically active men after adjustment for age, sedentary 
time, low intensity activity, smoking, calorie intake and 
BMI (Table 3: OR, 2.27; 95% CI, 1.22-6.29). In contrast, 
the risk for MetS in women was not significantly different 
between physically active and physically inactive women 
after adjustment for age, sedentary time, low intensity 
activity, smoking, calorie intake, BMI and menopausal 
status (Table 3: OR, 1.95; 95% CI, 0.85-4.45). 

As shown in Figure 1, eight factors (MVPA, sedentary 
time, low intensity activity, sex, age, smoking, calorie 
intake and menopausal status) were included in the CART 
analysis. The first table in Figure 1 shows that MVPA 
decreased the prevalence of MetS/pre-MetS in 199 of the 
483 participants (41.2%). The most important factor that 
decreased the prevalence of MetS/pre-MetS was an 
MVPA of > 26.5 METs h/week (P < 0.001). The preva- 
lence of MetS/pre-MetS was lower in 47 of the 185 parti- 
cipants with an MVPA of > 26.5 METs h/week (25.4%) 
and in 152 of the 298 participants (51.0%) with an MVPA 
of < 26.5 METs h/week. Age was used to subdivide the 
participants, regardless of whether activity of 26.5 METs 
h/week was achieved. In the subgroup with an MVPA of > 
26.5 METs h/week, the prevalence of MetS/pre-MetS was 
decreased in 10 of the 69 participants aged < 44.5 years 
(14.5%) and in 37 of the 116 participants aged > 44.5 years 
(31.9%). In the < 26.5 METs h/week group, age was also 
the most important factor for the split, with increased pre- 
valence of MetS/pre-MetS in 79 of 189 (41.8%) and in 73 
of 109 (67.0%) participants aged < 51.5 years and > 51.5 
years, respectively. Sedentary time, low intensity activity, 
smoking, calorie intake and menopausal status were not 
significant parameters in CART analysis. 

Discussion 

This study aimed to determine a physical activity reference 
value relative to MetS in middle-aged Japanese men and 
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Table 2 Characteristics of participants with MetS/pre-MetS and those without MetS, by sex 





Men 






Women 








Without MetS 


MetS/pre-MetS (n = 94) 


P value 


Without MetS 


MetS/pre-MetS (n = 104) 


P value 




(n=85) 






(n = 200) 






Age (years) 


45.5 (0.9) 


47.6 (0.8) 


0.088 


46.7 (0.7) 


52.3 (0.8) 


< 0.001 


Height (cm) 


168.8 (0.7) 


171 (0.6) 


0.023 


157.8 (0.4) 


157.6 (0.6) 


0.853 


Body weight (kg) 


66.9 (0.9) 


80.1 (1.1) 


< 0.001 


58.6 (0.5) 


73.4 (0.9) 


< 0.001 


BMI (kg/m 2 ) 


23.5 (0.3) 


27.4 (0.3) 


< 0.001 


23.6 (0.2) 


29.5 (0.3) 


< 0.001 


% muscle mass (%) 


30.8 (0.4) 


30.2 (0.2) 


0.102 


24.8 (0.2) 


21.9 (0.5) 


< 0.001 


% fat mass (%) 


23.3 (0.6) 


26.5 (0.4) 


< 0.001 


31.7 (0.4) 


37.7 (0.4) 


< 0.001 


Physical activity parameters* 














Sedentary time (h/week) 


36.5 (1.4) 


38.2 (1.3) 


0.367 


27.6 (0.8) 


32.9 (1.1) 


0.001 


Low intensity activity (METs h/week) 


75.5 (2.8) 


77.9 (2.6) 


0.538 


99.5 (1.6) 


90.9 (2.2) 


0.002 


MVPA (METs h/week) 


28.4 (1.2) 


21.0 (1.2) 


< 0.001 


27.6 (0.7) 


23 (1.0) 


0.001 


Metabolic syndrome components 














Waist circumference (cm) 


82.6 (0.6) 


93.4 (0.9) 


< 0.001 


83.1 (0.5) 


100.9 (0.8) 


< 0.001 


SBP (mmHg) 


122.7 (1.4) 


136.7 (1.3) 


< 0.001 


118.9 (0.9) 


136.4 (1.9) 


< 0.001 


DBP (mmHg) 


79.1 (1.0) 


90.5 (1.1) 


< 0.001 


79.1 (0.7) 


91.8 (1.1) 


< 0.001 


Fasting glucose (mg/dL) 


100.3 (1.0) 


109.7 (1.6) 


< 0.001 


97.2 (0.8) 


115.1 (3.1) 


< 0.001 


Triglyceride (mg/dL) 


93.2 (5.7) 


1 73.0 (9.8) 


< 0.001 


82.6 (3.1) 


139.4 (8.3) 


< 0.001 


HDL-C (mg/dL) 


61.7 (1.2) 


53.2 (1.5) 


< 0.001 


67.3 (1.0) 


59.1 (1.3) 


< 0.001 


Number of MetS components (n) 


0.7 (0.1) 


2.9 (0.1) 


< 0.001 


0.6 (0.0) 


2.6 (0.1) 


< 0.001 


Daily nutrition intake^ 














Calorie intake (kcal/day) 


2122.2 (32.1) 


2129.6 (35.4) 


0.878 


1897.8 (20.6) 


1901.4 (22.6) 


0.913 


Carbohydrate intake (g/day) 


252.7 (11.4) 


253.3 (9.0) 


0.971 


241 (6.1) 


233.6 (7.9) 


0.471 


Protein intake (g/day) 


74.5(3.1) 


78.6 (2.4) 


0.292 


68.9 (1.9) 


67.9 (3) 


0.753 


Fat intake (g/day) 


59.8 (2.6) 


60.1 (2.4) 


0.948 


56.7 (1.7) 


53.2 (2.9) 


0.271 


Smoker (%) 


17.9 


26.3 


0.175 


5.5 


4.8 


0.798 


Postmenopausal (%) 








45.0 


67.3 


< 0.001 



Values are means (SE) or percentage. "Adjusted for age, Adjusted for body weight. MetS, metabolic syndrome; BMI, body mass index; METs, metabolic 
equivalent; MVPA, moderate-vigorous physical activity; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high density lipoprotein cholesterol; SE, 
standard error. 



women, to establish an appropriate cutoff value for physi- 
cal activity that, if met, will decrease the prevalence of 
MetS. The results suggest that the EPAR2006 physical 
activity reference was significantly associated with MetS in 



men but not in women after adjustment for covariates. 
Moreover, we found that the cutoff value of physical activ- 
ity required to decrease the risk of MetS was 26.5 METs 
h/week in middle-aged Japanese individuals. 



Table 3 Odds ratios for the prevalence of metabolic syndrome according to physical activity levels 



MetS/pre-MetS 


Univariate YCrude OR (95% CI) 


Multivariate Adjusted OR (95% CI) 


Total (n = 483) 

> 23 METs h/week 
< 23 METs h/week 


1 

2.20 (1.52-3.19) 


1 

2.20 (1.27-3.83)* 


Men (n = 1 79) 

> 23 METs h/week 
< 23 METs h/week 


1 

2.27 (1.24-4.15) 


1 

2.27 (1.22-6.29) + 


Women (n = 304) 

> 23 METs h/week 
< 23 METs h/week 


1 

1.97 (1.22-3.20) 


1 

1.95 (0.85-4.45)* 



^Adjusted for sex, age, calorie intake, smoking, sedentary time, level of low intensity activity and body mass index (BMI); Adjusted for age, calorie intake, 
smoking, sedentary time, level of low intensity activity and BMI; ^adjusted for age, calorie intake, smoking, sedentary time, level of low intensity activity, BMI and 
menopause. OR, odds ratios; CI, confidence interval. 
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MetS /pre-M>tS 



Category 


% 


n 


0 


58.8 


284 


1 


41.2 


199 


Total 


100.0 


483 



MVPA 
Improvement=0.Q31 



< 26.5 METsh/week 



P<0.001 



1 

> 26.5 METs h/week 



Category 


% n 


0 


49.0 146 


1 


51.0 152 


Total 


61.7 298 



Category 


% n 


0 


74.6 138 


1 


25.4 47 


Total 


38.3 185 



Age 

Improvements. Q 1 8 



Age 

Improvements. 005 



< 51.5 years 



P<0.001 



Category 


% it 


0 


58.2 110 


1 


41.8 79 


Total 


39.1 189 



> 51.5 years 
T 



I p<aooi 

< 44.5 years 



— i 

> 44.5 years 



Category 


% 


n 


0 


33.0 


36 


1 


67.0 


73 


Total 


22.6 


109 



Category 


% 


n 


0 


85.5 


59 


1 


14.5 


10 


Total 


14.3 


69 



Category 


% 


it 


0 


68.1 


79 


1 


31.9 


37 


Total 


24.0 


116 



r 

Women 



Sex 

Improvements. 020 



P<0.05 



Men 



Category 


% 


it 


0 


72.4 


76 


1 


27.6 


29 


Total 


21.7 


105 



Category 


% 


it 


0 


40.5 


34 


1 


59.5 


50 


Total 


17.4 


84 



Figure 1 Classification tree of participants for the prevalence of metabolic syndrome. The participants in category 0 did not have MetS, 
whereas those in category 1 had MetS/pre-MetS. MetS, metabolic syndrome; METs, metabolic equivalents; MVPA, moderate-vigorous physical 
activity. 



Association between physical activity levels specified by 
EPAR2006 and MetS 

This present study is the first, to our knowledge, to 
examine the association between the EPAR2006-recom- 
mended physical activity levels and MetS. The analysis 
showed that physically active men (> 23 METs h/week) 
were at less risk of MetS than their physically inactive 
counterparts (< 23 METs h/week). In contrast, the asso- 
ciation between MVPA and MetS in women was less 
clear. Our physical activity findings were similar to 
those reported by other similarly designed studies [6-8]. 
Contemporary analyses have shown that leisure-time 
physical activity is effective in preventing and treating 



MetS [7,29], and most studies have shown that MetS is 
inversely associated with physical activity or physical fit- 
ness in men [6,30,31]. In contrast, few studies have 
observed inverse associations between physical activity 
and MetS in women [32]. 

Our study confirms the results of other studies show- 
ing an inverse association between physical activity and 
MetS, which applies particularly to men. Zhu et al. [33] 
reported a significant association between physical activ- 
ity and MetS risk factors in men, but not in women, 
after considering covariates like age, race, income level 
and education. Moreover, the prevalence of MetS was 
31% lower in physically active men than in their inactive 
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counterparts, whereas the corresponding percentage 
among women was 17% [33]. 

Another study has noted differences between men and 
women in the association between physical activity or 
fitness and MetS [34]. Brien et al. [6] reported a signifi- 
cant association between physical activity and MetS in 
men, but not in women, after adjusting for age, smok- 
ing, alcohol consumption and income level. The authors 
attributed these sex differences to hormonal differences, 
varying patterns of fat distribution, differences in the 
definition of MetS, and differences in the types and 
intensities of physical activity [8,34]. Therefore, the 
results of the present study and those of other investiga- 
tions may represent a true difference between sexes in 
terms of the association between physical activity and 
MetS. 

Cutoff value for the required amount of physical activity 
to prevent the onset of MetS 

This study also aimed to establish a cutoff value for the 
required amount of physical activity that would prevent 
MetS in middle-aged Japanese individuals. Although 
many studies have included cross-sectional analyses 
[6,9,13,30,31], our study was the first, to our knowledge, 
to examine the optimal cutoff value of physical activity 
required to prevent the onset of MetS. CART analysis 
revealed that the optimal cutoff value of 26.5 METs h/ 
week represented the level of physical activity required 
to prevent MetS, and was slightly higher than the value 
reported by EPAR2006 (23 METs h/week) to prevent 
lifestyle-related disease [14,15]. 

Furthermore, applying the EPAR2006 physical activity 
recommendations resulted in a MetS prevalence of 
41.0% (data not shown), which was much higher than 
that determined in our study (25.4%) when we applied 
the new cutoff value for physical activity (Figure 1). 
These results suggest that the EPAR2006 recommenda- 
tions for physical activity should be increased to reduce 
the prevalence of MetS among middle-aged Japanese 
individuals. Our results do not negate the current 
EPAR2006 physical activity reference value, and the dis- 
crepancy between the physical cutoff values can be 
explained. First, the EPAR2006 physical activity refer- 
ence was established using a systematic review that pri- 
marily summarized the evidence on the effects of 
physical activity on lifestyle-related disease, rather than 
focusing on MetS. Second, this systematic review 
included studies performed in Western countries, and 
relatively few studies in Japanese individuals were 
included. Third, the techniques used to measure physi- 
cal activity may have differed. However, the present 
study established an association between objectively 
measured physical activity and MetS in Japanese indivi- 
duals. For these reasons, the findings of this study might 



have an important influence on effective promoting phy- 
sical activity focused on preventing MetS among mid- 
dle-aged Japanese individuals. 

Strengths and limitations 

The primary strength of our study was that we used a 
triaxial accelerometer to objectively measure physical 
activity and sedentary times. However, there are several 
limitations to be discussed. First, it is not possible to 
infer causality or specify the direction of the observed 
effects because of the cross-sectional study design. Sec- 
ond, prevalence of MetS/pre-MetS was higher in this 
study subjects (men: 53.1%, women: 34.2%) compared 
with general Japanese adults in the National Health and 
Nutrition Examination Survey in 2008 (men: 45.3%, 
women: 18.6%). Therefore, the results in this study may 
not generalize to the Japanese population. Although we 
controlled for several covariates, there may be other 
unexplored residual confounding variables such as 
genetic variation and sociocultural factors that may 
partly explain our findings. Nevertheless, we considered 
factors directly related to MetS prevalence, including 
sedentary time, low intensity physical activity, calorie 
intake, smoking, menopause status and BMI [35-38], in 
this study. The study sample size may also be a limita- 
tion, but it was sufficiently large to allow us to perform 
CART analyses to determine the optimal cutoff value 
for physical activity necessary to prevent MetS. Despite 
these limitations, our findings help us to understand the 
association between physical activity and MetS in mid- 
dle-aged Japanese individuals. 

Conclusions 

In conclusion, the results of this study indicate that the 
EPAR2006 physical activity reference value was asso- 
ciated with MetS/pre-MetS in men. Moreover, we found 
that moderate physical activity of > 26.5 METs h/week 
may decrease the risk of MetS in middle-aged Japanese 
individuals. The validity of the cutoff value for physical 
activity and the efficacy of physical activity programs 
that focus on the factors described here to prevent and 
treat MetS will need to be confirmed in longitudinal 
and interventional studies. 
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